INTRODUCTION
Cellulose is the most abundant polymer in the biosphere with its estimated synthesis rate of 10 10 tonnes per year (Singh and Hayashi, 1995; Lynd et al., 2002). Cellulose rich plant biomass is one of the foreseeable and sustainable sources of fuel, animal feed and feed stock for chemical synthesis (Bhat, 2000) . The utilization of cellulosic biomass continues to be a subject of worldwide interest in view of fast depletion of our oil reserves and food shortages (Gong et al., 1999). The conversion of cellulosic mass to fermentable sugars through biocatalyst cellulase derived from cellulolytic organisms has been suggested as a feasible process and offers potential to reduce use of fossil fuels and reduce environmental pollution (Lynd et al., 1999) . Complete enzymatic hydrolysis of enzymes requires synergistic action of 3 types of enzymes, namely cellobiohydrolase, endoglucanase or carboxymethylcellulase (CMCase) and 6-glucosidases (Bhat, 2000) . However, the high cost of production of these enzymes has hindered the industrial application of cellulose bioconversion. One of the different approaches to overcome this hindrance is to make continuous search for organisms with secretion of cellulase enzymes in copious amounts and to optimize enzyme production with them. Cellulases are among the industrially important hydrolytic enzymes and they have a great significance in biotechnology (Gilna and Khaleel, 2011). Cellulases are widely used in the food, feed, textile and pulp industries ( The aim of this study was to screen selected fungal strains provides from culture collection of the Nigerian Stored Products Research Institute Ilorin, Kwara State, Nigeria as active producers of cellulases and evaluated the influence of some culture conditions upon yield of enzymes production.
MATERIAL AND METHODS

Microorganisms
Aspergillus niger NSPR012, A. niger NSPR013and A. parasiticus NSPR018strains were obtained from culture collection of the Nigerian Stored Products Research Institute Ilorin, Kwara State, Nigeria. The pure cultures were maintained on Potato Dextrose Agar (PDA) medium and subcultured once in a month. They were incubated at 30 ± 2 o C until the entire plates were covered by active mycelium and then stored at 4 o C.
Agro-wastes treatment
Palmkernel wastes, banana peels and rice bran were procured from farm fields, domestic source and market in Akure, Ondo State, Nigeria which serve as substrates. The substrates were washed and oven-dried at 70 °C with DHG Heating Drying Oven (Jianqyin Linqlinq Machinery Co., Limited, China) for 2 h, and then milled and sieved to 40 mm mesh size and stored in air tight transparent plastic containers to keep it moisture free (Hafiz et al., 2010). Agricultural wastes used as substitutes of carboxyl methyl Cellulose (CMC) (10g) were treated separately with 1000 mL of 4% NaOH solution for 24 h in Petri dishes at room temperature prior to autoclaving. The substrates were washed with distilled water until it is neutral to litmus paper and dried at 70 This study aimed at screening of selected fungal strains and optimization of process parameters for cellulases production in submerged fermentation. Aspergillus niger NSPR012 was selected for further studies as the most potent in producing cellulase of high activity. Utilization of various agro-wastes as substitute tocarboxy methyl cellulose (CMC) for cellulase production was also investigated. Among tested carbon sources, banana peels at a concentration of 5% was found to be the most effective carbon source. The cellulase production by Aspergillus niger NSPR012 in mineral salt medium attained maximum after 96 h of incubation. Maximum cellulase activity (0.466µmol/min/mL) was obtained with locust beans as the best organic nitrogen source. The optimum incubation temperature and initial pH were 37°C and 5.5, respectively. With this information, banana peels could have good biotechnological potential for bioproducts formation in which cellulase is one.
Screening of agro-wastes (carbon sources) for cellulases production
Effects of various carbon compounds namely:palmkernel wastes, banana peels and rice bran were screened in this study with CMC serving as control. The broth was distributed into 250 mL flasks containing 50 mL optimized medium and 0.5 % of each carbon sources were then added before inoculation of the strain and after culture inoculation, the flasks were incubated for 3 days and after culture inoculation, the flasks were incubated at 30 ± 2 °C, for 3 days, at 120 rpm, in submerged conditions of cultivation on rotary shaker (Gallenkamp, Model RS-12, Singhla Scientific Industries, India) (Gautam et al., 2010).
Effect of type and concentrations of carbon and nitrogen sources on cellulases production
Soybeans, locust beans and cotton seeds at 0.2 % concentration were replacing the prescribed inorganic nitrogen source (ammonium sulphate) of the fermentation medium. Different concentrations of the banana peels ranged from 1.0 % (w/v) to 5.0 % (w/v) were added to the basal salt medium for cellulases production replacing the prescribed carbon source of the fermentation mediums (Hafiz et al., 2010) .
Effect of pH and temperature on cellulases production
The pH of the fermentative medium was varied from 4.5 to 7.5. The cultivation took place in submerged conditions at 30 ± 2 °C, for 3 days, at 120 rpm. In order to determine the optimum incubation temperature for cellulases production, fermentation was carried out at 28 °C, 32 °C and 37 °C respectively (Gautam et al., 2010) .
Effect of cultivation time on cellulases production
In optimal conditions before established the production of enzyme was studied during 120h of cultivation. The cellulases activity was measured at regular intervals of 24h, and the period of maximum enzyme production was determined (Milala et al., 2005) .
Cellulase assay
Enzyme activity was determined using the method recommended by Acharya et al. (2008) . The reaction mixture contained 0.5 mL of 0.5% of CMC as substrate prepared in 0.5 M sodium acetate buffer pH 5.5 and 0.5 mL of enzyme extract. The control sample contained the same amount of substrate and 0.5 mL of the enzyme solution heated at 100 o C for 15 min. Both the experimental and control samples were incubated at 50 o C for 30 min. At the end of the incubation period, tubes were removed from the water bath (Lamfield Medical England Model DK-600, Labnics Equipment, United Kingdom), and the reaction was terminated by addition of 3 mL of 3, 5-dinitrosalicylic acid (DNSA) reagent per tube (Shazia et al., 2010). The tubes were incubated for 5 min in a boiling water bath for color development and then were cooled rapidly. The activity of reaction mixture was measured against a blank sample at wavelength of540 nm. The concentration of glucose released by enzymes was determined by comparing against a standard curve constructed similarly with known concentration of glucose. Unit enzyme activity was defined as the amount of enzyme required for liberating 1µM of glucose per millilitre per minute, in analysed conditions of reaction and was expressed as µM/mL/min. 
Protein content determination
RESULTS
Screening of fungal strains based on the ability for cellulases production on CMC
Among the tested fungal strains (Aspergillus niger NSPR012, A. niger NSPR013 and A. parasiticus NSPR018) on CMC as the sole carbon source in submerged fermentation,A. nigerNSPR012 gave the highest cellulase activity of 0.161µmol/min/mL, and it was therefore selected for further studies (Figure 1) .
Screening of agro-wastes (carbon sources) for cellulases production
The agricultural by-products were separately supplemented in mineral salt medium, and of all the agro-wastes tested, banana peels were found to be the best carbon source for cellulases production which gave maximum cellulase activity of 0.412µmol/min/mL after 5 day of submerged fermentation ( Figure 2) . The cellulase activity of banana peel was 20.6 fold higher than what was obtained for CMC.
Figure1Microbial screening of selected fungal strains for cellulases production on CMC Figure 2 Effect of different agro-wastes used as carbon source on the production of cellulases by A. niger NSPR012
Effect of different substrate concentrations on cellulases production
Cellulase activity was studied by varying the concentration of banana peels from 1% to 5% with the exclusion of 4% (Figure 3 ). Of these, 5% pretreated banana peels gave maximum cellulose activity of 0.244µmol/min/mL. Thus, the optimum substrate concentration for maximumcellulases production was obtained at 5%.
Effect of organic nitrogen sources on cellulases production
Among the organic nitrogen sources tested at the level of 0.2% in place of ammonium sulphate, locust beans gave the maximum cellulose activity of 0.466µmol/min/mLwhile other organic nitrogen sources yielded cellulases with all liberating more than 0.140µmol/min/mL (Figure 4) . The lowest cellulase production wasobtained for ammonium sulphate (NH4)2S04. The cellulase activity obtained from locust beans was approximately 3.0 higher than the ammonium sulphate (control).
Effect of pH and temperature on cellulases production
The effect of pH value on the specific cellulase activity of A. niger NSPR012 was investigated at various pH values ranging from 4.5 to 7.5 ( Figure 5 ). Maximum specific cellulase activity of 0.506µmol/min/mg was achieved when the pH of basal medium was kept a 5.5. At pH 7.5, the specific activity decreased by 17.98% of that obtained at pH 5.5. The maximum cellulase activity of 0.457µmol/min/mL was achieved at an incubation temperature of 37 o C. At lower incubation temperatures, the enzyme activity in the culture showed alower enzyme activity.
Effect of incubation period on cellulases production
A. niger NSPR012 was inoculated into a basal medium in fermentation flasks and incubated for a period of 120 hours (Figure 6 ). The cellulase activity was measured at regular intervals. The maximum cellulase yield (0.850µmol/min/mL) expressed in term of percentage relative activity was obtained after 96 h of fermentation. The production of cellulase increased progressively with increase in fermentation period and beyond the optimum incubation period (96 h) a decline in enzyme production was observed. Figure 6 Time course of the cellulases production by A. niger NSPR012 using 5% banana peels as single carbon source
DISCUSSION
In this present work, the optimization of culture medium components and some environmental parameters could improve the cellulase activity in A. niger NSPR012. Major impediments to exploit the commercial potential of cellulases are the yield stability and cost of cellulase production (Sukumaran et al., 2005) . Agricultural by-products such as corn cob, wheat straw, rice straw, bagasse and many others had been screened as substrates for cellulases production (Ojumu et al., 2003; Omojasola et al., 2008). Although, the raw materials are cheaper, pretreatment is generally required to improve the utilizability of lignocellulosic materials and the cost is considerable (Godliving, 2009) . To study the effect of pretreatment of substrates for cellulases production, alkaline pretreatment was given to all the wastes with 2N NaOH at 4%, autoclaved at 121 o C for 15minutes in an Erlenmeyer flask 250ml to ensure proficient deprivation of lignocellulosic contents of wastes to get optimum cellulase production (Muthuvelayudham and Viruthagiri, 2006). Chemicals ranging from oxidizing agents, alkali, acids and salts had been used for pre-treatment of low cost wastes by many researchers (Godliving, 2009). When these are performed by the aforementioned chemicals, they substantially facilitate saccharification and improve enzymatic hydrolysis of low cost wastes (Godliving, 2009). In view of the above facts, the natural waste materials such as palmkernel waste, banana peels and rice bran were effectively utilized as novel substitutes to CMC which is known to be expensive. A capacity to degrade cellulose is a character distributed among a wide variety of aerobic, facultative aerobic, anaerobic bacteria and fungi. The characters are restricted to a few species among several major taxa (Hafiz et al., 2010) In the present study, three fungal strains were screened in minimal salt medium supplemented with CMC showed differences in the amount of enzyme produced. The differences suggest that the rate of cellulase production depends on the genetic composition of the microorganisms (Gautam et al., 2010) .Aspergillus niger NSPR012 was therefore selected for further studies because of its high cellulase activity. There was variation in the amount of cellulase produced when agro-wastes were substituted in culture medium. The large variation in cellulase yield may be due to the nature of cellulose or hemicellulose, presence of some components (activators or inhibitors) in these materials and variations in the substrate accessibility (Mabrouk and Ahwany, 2008). The difference in the production of cellulolytic enzymes on a variety of lignocelluloses by different organisms could be attributed to various factors such as variable cellulose content in lignocellulose derived from different plant sources, heterogeneity of structure and cellulolytic abilities of the organisms at different degree (Narasimha et al., 2006).Among these, banana peels were found to be the most suitable waste for cellulase production and it was therefore selected for optimization studies as a carbon source replacing CMC. Time course profile for cellulases production was studied from 24-120 h. The cellulases production increased with increase in fermentation period and reached maximum after 96 h of fermentation. Further increase in the incubation period resulted into a decline in cellulase production. Reduction in the enzyme production might be because of rapid digestion of susceptible portion of the substrate, which is required for the production and leaving crystalline portions, which cannot be used by the tested isolate for its growth and ultimate enzyme production (Omojasola et al., 2008) . This result was coincident with other reports. The maximum production of cellulase was reported at 96 h of fermentation forAspergillus humicola (Nipa et al., 2006) . The optimum temperature of cellulase enzyme was found to be 37°C. Manyauthors have reported different temperatures for maximum cellulase production either in submerged or solid state fermentation using Aspergillus sp. suggesting that the optimal temperature for cellulase production also depends on the strain variation of the microorganisms ( reported pH optimal for a cellulase production by an A. niger strain was 4.5 and 7.5. In this study, different concentrations of substrate (banana peels) ranging from 1-5% with exclusion of 4% were used and maximum cellulase activity was achieved at 5% substrate concentration. A dynamic influencing feature that affects the yield and initial hydrolysis rate of cellulose is substrate concentration (Hafiz et al., 2010) . Low substrate concentration results in an increase in yield and reaction rate of the hydrolysis while, high substrate concentration can cause substrate inhibition, which substantially lowers enzymes formation (Liu and Yang, 2007; Singhania et al.,2007) . This result was matched with other reports that the optimum substrate concentration for cellulase production by a strain of Trichoderma spp. was 5% (Gautam et al., 2010 ) and 5% optimum substrate concentration was also reported by Abo-State et al. (2010) for Aspergillus spp. Although, different optimal substrate concentrations had been reported by many researchers and this could be attributed to the chemical nature and nutrient availability of the used substrates (Gautam et al., 2010) . In this study, locust beans were selected as the best organic nitrogen source. It might be due to the fact that locust beans provided the ammonium for conidial cell growth and enzyme production (Mekala et al., 2008) .
CONCLUSION
This study reports a biotechnological method for proper wastes management of agro-wastes through bioconversion processes with a filamentous fungus A. niger NSPR012 for cellulases production that could be used in the industrial applications such as glucose production. The results of this study indicate the remarkable cellulases production potential of A. niger NSPR012 using banana peels as a substrate. The optimal culture factors for cellulase production were proposed at incubation period of 96 h, pH 5.5, 37 o C, 5% banana peels and 0.2% locust beans.
